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This study employed social cognitive theory and social cognitive career theory (SCCT) as 
foundations to explore the influence of high school students’ beliefs about female gender roles 
and female engineer role models on science, technology, engineering, and mathematics (STEM) 
self-efficacy and professional commitment to engineering. A total of 88 students from a national 
girls’ high school participated in STEM project-based learning. A survey questionnaire named 
The STEM Self-efficacy and Professional Commitment to Engineering Questionnaire, deve¬ 
loped by the researchers, was administered to collect data, and a structured equation model was 
employed to confirm the multi-theoretical model developed in this study. The results of this 
study show that enhancing the gender role beliefs and engineer role models of female students 
may increase their STEM self-efficacy and professional commitment to engineering. In other 
words, the female high school students’ professional commitment to engineering model can 
explain students’ intentions for future engineering careers. Thus, this study suggests integrating 
STEM project-based learning into the curricula of various schools and integrating female 
engineer role models into STEM project-based learning activities for female students, which 
can enhance female high school students’ STEM self-efficacy and professional commitment to 
engineering. 

Keywords: female engineer role model; female gender role beliefs; professional commitment 
to engineering; STEM project-based learning; STEM self-efficacy 

Research background 

Historically, the fields of science and engineering have been dominated by males. For 
instance, in the United States, between 1995 and 2010, the proportion of bachelor’s 
degrees in engineering awarded to women increased from 17.3% to 20.1%, but only 
11% of working engineers are women. In Taiwan, the ratio of women in engineering 
decreased from 32.22% in 1995 to 26.07% in 2010 (Directorate-General of Budget, 
Accounting, & Statistics, Executive Yuan, ROC, 2011; Fouad & Singh, 2011). These 
statistics show a great decrease in women participating and working in engineering, 
a gender problem in the engineering field that should receive attention. In the 1980s, 



2 


Liu, Lou, Shih 


scholars on women’s careers focused on sex role socialization, using variables such 
as concepts of female family roles, work roles, and work support to reflect the low 
self-efficacy caused in areas that are non-traditional realms of work for females, which 
then limits the choices and development of female work (Astin, 1984; Farmer, 1985; 
Hackett &Betz, 1981). Even today, females’ choices in education and employment are 
still affected by sexual division of labor and gender stereotypes (Chien & Ren, 2011; 
Yen, 2011; Fouad & Singh, 2011). Thus, educators have gradually noticed the influ¬ 
ence of gender role identification on academic choices and career planning. 

Although the gender equality law has been formed in Taiwan, the issue of how 
female gender roles and female engineer role models affect the self-efficacy of female 
students and their professional commitment to engineering has not been investigated. 
In view of this, some scholars in Taiwan are actively promoting STEM project-based 
learning in secondary schools or universities, finding that students’ attitudes and 
learning efficiency are enhanced, which affects their future career choices (Lou, Tsai 
& Tseng, 2011; Liu, Lou, Shih, Tseng, Chan & Diez, 2009; Lou, Liu, Shih & Tseng, 
2011a; Lou, Liu, Shih, Chuang & Tseng 2011b; Tseng, Chang, Lou & Chen, 2013). 
STEM proj ect-based learning not only enhances student problem-solving abilities, but 
it also can effectively integrate understanding and application of complex knowledge 
in science, technology, engineering, and mathematics as well as cultivate student inte¬ 
rest in engineering. Thus, this study uses female high school students participating in 
STEM project-based learning, using social learning theory (SLT) and SCCT as the 
theoretical framework to explore the correlations among female gender roles, female 
engineer role models, STEM self-efficacy, and professional commitment to engineer¬ 
ing, and to construct a model. 

Social learning theory emphasizes that individual behaviors in social contexts 
change due to the influence of others. Individuals observe, imitate, and use internal 
cognitive processes to learn the behaviors of others and can indirectly learn by ob¬ 
serving others’ behaviours or the consequences of others’ behaviours. Observational 
learning is also referred to as modeling: the one to be imitated is the model. According 
to social cognitive theory, women’s gender role beliefs and female engineer role 
models were gained through the observational learning process (Ho, Chung, Chang, 
Ho, Wang & Huang, 2008; Chang, 2010; Bandura, 1986). In other words, women’s 
gender role beliefs can affect their learning and acceptance of female engineer role 
models. The characteristics of gender role beliefs and career ambition choices are 
related; for example, the overall career self-efficacy of students in high schools and 
vocational schools show significant differences due to gender, which affects personal 
choice of future professions (Peng & Chang, 2010). Additionally, some empirical 
studies have shown that gender role beliefs influence professional commitment (Mao, 
Chou & Hsu, 2008; Chen & Sun, 2006; Astin, 1984; Edwards & Spence, 1987). 

Social cognitive career theory originates from the social learning theory of 
Bandura (1977a, 1986), which primarily explores the influence of cognition and belief 
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on career decisions, emphasizing that an individual’s belief about whether the task can 
be successfully completed has a crucial influence on the actual performance (Lent, 
Brown & Hackett, 1994; Lent, Brown & Hackett, 2000; Lent & Brown, 2008). The 
core concept of this theory is self-efficacy, and one of the contextual factors of 
self-efficacy is role model contact (O’Brien, 2003). Empirical research shows that 
being close to successful models inspires students’ experiences through vicarious 
learning and action and elevates their self-efficacy in the field (Chien & Lien, 2009). 
Role models and self-efficacy influence students’ career choices, and the former is 
more important than the latter (Wu, 2009; Kerr & Nicpon, 2003; Quimby & DeSantis, 
2006). These facts show that gender role beliefs relating to socialization would affect 
role model would affect self-efficacy, and, finally, gender role beliefs, role modeling, 
and self-efficacy would all affect professional commitment. Thus, this study argues 
that female gender role beliefs and female engineer role models are factors that in¬ 
fluence women’s STEM self-efficacy and professional commitment to engineering, as 
shown in Figure 1. 



Figure 1 Female Students’ professional commitment to engineering 
theoretical model 


Research Purpose 

The purpose of this study was to explore the influence of female high school students’ 
gender role beliefs and female engineer role models on their STEM self-efficacy and 
professional commitment to engineering. 

Definition of Terms 

(1) Female gender role beliefs: the female behavioral model under cultural expecta¬ 
tions and individual cognitive beliefs about different gender roles (Li & Chung, 
1996; Chang, 2010). This study defines female gender role beliefs as women’s 
self-development and gender equality. 

(2) Female engineer role model: refers to female role models in the engineering field. 
Because the research subjects in this study are female high school students, this 
study defines female engineer role models broadly as female models found 
through reading biographies, news and magazine reports and observing friends 
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and relatives in the engineering field. Responses to role models are categorized 
as emotions, behavior or cognition. 

(3) STEM self-efficacy: self-efficacy can be seen as confidence at one’s work or the 
subjective evaluation of one’s personal ability in achieving a certain type of work 
(Chang, 2010; Pintrich, 1989). This study classifies self-efficacy as the self- 
evaluation of concepts, principle applications, and experimentation ability in sci¬ 
ence, technology, engineering, and mathematics required for the completion of 
STEM projects. 

(4) Professional commitment to engineering: professional commitment is comprised 
of professionalism and commitment, defined as the individual’s psychological 
processes or behavioral inclinations of identification or devotion to his profession 
(Taylor, 1988). Considering that the subjects in this study are female high school 
students and not working professionals, professional commitment to engineering 
is seen as a kind of behavioral intention: professional value identification, 
intention for professional career involvement, and intention for professional hard 
work in the engineering field. 

Methods and Procedures 

This study employed STEM project-based learning, with a STEM internet platform 
(Lou, Tsai & Tseng, 2011) for group member discussion and data uploading. The 
female students design, produce, and complete cup speakers or Stirling engine. After 
the group completes project report presentations, questionnaire surveys are used to 
explore the influence of gender roles and engineer role models of female high school 
students on STEM self-efficacy and professional commitment to engineering. In the 
following sections, the components of the study are explained: the research structure 
and hypotheses, research subjects, research tools, research design and implementa¬ 
tions, and data collection and analysis. 

Research Structure and Hypotheses 

This study used a model that synthesized social learning and social cognitive career 
theories as its foundation. The theoretical model is shown in Figure 1; the research 
hypotheses are listed as follows: 

HO: There is a good model fit of female gender roles, engineer models, STEM self- 
efficacy, and professional commitment to the engineering structural model. 

HI: The female gender role beliefs of female high school students have a positive 
effect on female engineer role models. 

H2: The female gender role beliefs of female high school students have a positive 
effect on professional commitment to engineering. 

H3: The female engineer role models of female high school students have a positive 
effect on STEM self-efficacy. 

H4: The female engineer role models of female high school students have a positive 
effect on professional commitment to engineering. 
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H5: The STEM self-efficacy of female high school students has a positive effect on 

professional commitment to engineering. 

Research Participants 

This study employed purposive sampling. A total of 88 female students voluntarily 
participated in this study, selected from a public girl’s high school with a total of 1,236 
students in southern Taiwan. Each team consisted of four members, and there were 10 
teams for the cup speaker project and 12 for the Stirling engine project. 

Research Tools 

This study employed social learning theory and social cognitive career theory to deve¬ 
lop a cross-theoretical model and the STEM Self-efficacy and Professional Commit¬ 
ment to Engineering Survey Questionnaire (Liu, 2012). After the questionnaire was 
developed, six scholars and experts in the related fields were invited to determine the 
content validity of the questionnaire. After some modifications were made, the official 
questionnaire was completed. A five-point Likert scale was employed in the ques¬ 
tionnaire, containing four domains: female gender role beliefs, female engineer role 
models, STEM self-efficacy, and professional commitment to engineering. After the 
STEM project activities were completed, 88 questionnaires were distributed; 86 valid 
questionnaires were returned (97.73% of return rate). Confirmatory factor analysis 
(CFA) in a structural equation model (SEM) was used to test the reliability and validity 
of the variables in the questionnaire. 

Normative examination of dimensions on the professional commitment to engi¬ 
neering for female high school students shows that the skew values are between -1.24 
and .52, while the kurtosis values are between -.83 and .94, and the observed variables 
conform to the norms for single variables (Kline, 2005; SPSS, 2008). This study uses 
maximum likelihood as the method of model estimation. CFA shows that the model 
generally conforms to the fit evaluation indices (Goodness-of-Fit index (GFI) is .90, 
Normal Fit index (NFI) is .91, Comparative Fit Index (CF1) is .98, Critical N (CN) is 
91, Root Mean Square of Approximation (RMSEA) is .06, all of which conform to 
standards). Additionally, the convergent and discriminant validity of the variables are 
evaluated (see Tables 1 and 2): 

Convergent validity comprised the following: (1) a factor loading between. 62 and 
.90; (2) a square multiple correlation (SMC) between .41 and .82; (3) a composite 
reliability (CR) between .71 and .89; and (4) an average variance extracted (AVE) 
between .52 and .73; 2. Discriminant validity is tested with Analysis of Moment Struc¬ 
tures (AMOS) providing the estimation method for three types of confidence intervals: 
(1) bias-corrected percentile method; (2) percentile method estimation; and (3) point 
estimation value ±2 times standard error (ip±2o). First, the repetitive sampling number 
is 1000, and under the confidence level of 95%, if the standardized coefficients do not 
include 1 in the confidence interval (1 means completely correlated), then these two 
dimensions have discriminant validity. The variables of this study conform to stan- 
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dards (Chang, 2011). Thus, the professional commitmentto engineering questionnaire 
for female high school students shows that latent dimensions in female gender role 
beliefs, female engineer role models, STEM self-efficacy, and professional commit¬ 
ment to engineering all exhibit convergent and discriminant validity. 

Table 1 Confirmatory factor analysis of dimensions in the professional commitment to 


engineering of female high school students 




Factor 




Name of latent 


loading X 




variable 

Code for observed variable 

value 

SMC 

CR 

AVE 

Female gender role 

Women's self- development 

.89 

.80 

.86 

.75 

beliefs 

(gl234) 

Gender equality (g5678) 

.84 

.70 



Female engineer 

Attitude emotions dimension 

.89 

.79 

.86 

.76 

role model 

(fl 234) 

Behaviour and cognition 
dimension (f567) 

.85 

.72 



STEM Self-efficacy 

Science self-efficacy (S) 

.82 

.67 

.81 

.51 


Technology self-efficacy (T) 

.70 

.49 




Engineering self-efficacy (E) 

.62 

.38 




Mathematics self-efficacy 
(M) 

.71 

.50 



Professional 

Professional value 

.74 

.55 

.88 

.72 

commitment to 

identification (dlto6) 





engineering 

Intention for professional 
career involvement (D712) 

.90 

.81 




Intention for professional hard 
work in the engineering field 
(D1318) 

.89 

.79 




Research Design and Data Collection Procedures 

The project implementation in this study uses the cup speakers and Stirling engine, in 
which group members are interested, as the guiding projects of the research. The re¬ 
search design accommodates the principles and characteristics of STEM project-based 
learning, carrying out three stages of activity during the winter vacation from school, 
as shown in Table 3. After students complete their projects, questionnaire surveys are 
used to collect data for this study. 
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Table 2 Estimation of confidence intervals for coefficients in professional commitment to engineering questionnaire for female high school 
students 


Parameter 


Relevant 

estimation 

values 

tp±2a 

Bias-con'ected 

Percentile method 


Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Engineer model 

<— Self-efficacy 

> 

.68 

.53 

.83 

.51 

.81 

.51 

.81 

Engineer model 

<- Professional 
> commitment 

.85 

.73 

.97 

.69 

.94 

.71 

.96 

Engineer model 

<- Gender roles 

s 

.41 

.18 

.63 

.22 

.64 

.17 

.61 

Self-efficacy 

<— Professional 
> commitment 

.76 

.64 

.87 

.63 

.86 

.63 

.86 

Self-efficacy 

<— Gender roles 

.24 

.00 

.48 

.01 

.48 

-.02 

.45 

Professional 

commitment 

<- Gender roles 

> 

.48 

.28 

.68 

.28 

.67 

.26 

.65 
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Data Analysis 

After the projects were completed, the results of the survey questionnaires were 
analysed by SEM of the AMOS 17 version statistical software. The CFA was first used 
to test whether the observed variables can effectively reflect their latent variables, 
including testing for convergent and discriminant validity. Next, the structural models 
and research hypotheses are tested; finally, path effect analysis is conducted, and the 
explanatory power of the overall model is analysed. 


Table 3 Project implementation plans for cup speakers and Stirling engines 


Project learning stages and tasks 

Cup speakers STEM project 

Stirling engine STEM project 

Preparation stage: 

Develop STEM project activity 
design 

Construct STEM internet 
platform system 

Hold STEM project-based 
learning information meeting 

Week 1 

Confirm cup speakers (Chuang, 
2009) project 

Hold STEM project information 
meeting 

Accept sign-up applications 
from student teams 

Week 1 

Confirm Stirling engine (Chou, 
2008) project 

Hold STEM project information 
meeting 

Accept sign-up applications 
from student teams 

Implementation and presentation 
stage: 

Team members arrange to divide 
work, establish plans according 
to the tasks, collect data for 
experimentation, discover 
problems, discuss problems, 
analyse and verify, and upload 
the work 

Week 2: Task A voice coil 

Week 3: Task B drivers 

Week 4: Task C sound box 

Week 5: Task D microphone 

Week 2: Task A principles of 
internal-combustion engines 

Week 3: Task B transmission 
and revolution 

Week 4: Task C high-speed 
challenge 

Week 5: Task D application of 
image design, Task E revolution 
speed and speed per hour 

Evaluation and modification 
stage: 

Results display and presentation, 
testing of product efficacy, 
self-evaluation of peers 

Week 6: 

Hold cup speakers creative 
design achievement 
presentations 

Conduct questionnaire survey 

Week 6: 

Hold Stirling engine creative 
design achievement 
presentations 

Conduct questionnaire survey 


Results and Discussion 

Verification of the model fit evaluation and research hypotheses 
First, fit evaluation was carried out for the professional commitment to engineering 
model of female high school students. Because there are fewer samples in the model 
indices, the CN value is 93. Although it does not conform to the general standard of 
a CN value greater than 200, Chang (2011) proposes that if the CN value is lower than 
75, then the model is unacceptable; thus, the value of our model is still in an acceptable 
range. The remaining three types, including absolute, relative, and parsimonious 
indices, all conform to evaluation indices (GFI =.90, RMSEA =.06, x 2 /df=1.29, NF1 
=.91, Non Normal Fit Index (NNFI) =.97, CFI=,98, Parsimoney Goodness-of-Fit Index 
(PGFI) =.53, Parsimoney-adjusted Comparative Fit Index (PCF1) =.69, and Parsi- 
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money-adjusted Normal Fit Index (PNF1) =.65, which all measure up to standards), 
indicating that the resulting model is a fit model and can thus explain gender roles, 
engineer models, self-efficacy, and professional commitment to engineering through 
sample data analysis. Hypothesis 0, that there is a structural model fit involving female 
gender roles, engineer models, STEM self-efficacy, and professional commitment to 
engineering, is thus established. 

Additionally, in confirming Hypotheses 1 to 5 in the research model, the path 
value is the standardized coefficient, with the following path coefficients: female 
gender role beliefs-female engineer role model (.42*); female gender role beliefs- 
professional commitment to engineering (.17*); female engineer role model-STEM 
self-efficacy (.68*); female engineer role model-professional commitment to engi¬ 
neering (.54*); and STEM self-efficacy-professional commitment to engineering 
(.35*). The above-mentioned paths have reached the level of significance; thus, 
Hypotheses 1 to 5 are confirmed (Figure 2), indicating that enhancing the female high 
school students’ gender role beliefs and providing a female engineer role model can 
improve their STEM self-efficacy, which then influences their professional commit¬ 
ment to engineering. 



Figure 2 The professional commitment to engineering structural model for 
female high school students 
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Path effect analysis 

The results of variable analysis show that the female engineer role model is only di¬ 
rectly affected by female gender role beliefs (.42); the female engineer role model has 
the greatest direct influence on STEM self-efficacy (.68); the indirect effect of female 
gender role beliefs is smaller (.29); professional commitment to engineering is directly 
and significantly affected by female gender role beliefs, female engineer role model, 
and STEM self-efficacy and is indirectly and significantly affected through STEM 
self-efficacy by female gender role beliefs and female engineer role model. Female 
engineer role model has the most significant influence (.78), followed by female 
gender role beliefs (.50), and STEM self-efficacy (.35) (Table 4). These results show 
that having a female engineer role model strongly influences STEM self-efficacy and 
professional commitment to engineering. 

In addition, according to the structural model of female high school students’ 
professional commitment to engineering (Figure 2), the latent variables’ variance ex¬ 
planatory power (R 2 ) for the model show that the explanatory power of female gender 
role beliefs, female engineer role models, and STEM self-efficacy for professional 
commitment to engineering is as high as 81%, and the explanatory power of female 
engineer role models and female gender role beliefs for STEM self-efficacy is 46%. 
Thus, the empirical data show that the latent variables have good explanatory power 
for the overall model, indicating that the cross-theoretical model in this study can use 
female gender role beliefs and female engineer role models to predict STEM self- 
efficacy and professional commitment to engineering among female high school 
students. 

Discussion 

The results of the study confirmed that the female high school students’ gender role 
beliefs, female engineer role models, and STEM self-efficacy are all factors that affect 
professional commitment to engineering. These findings are similar to some prior stu¬ 
dies concerning gender role beliefs influencing professional commitment (Mao et al., 
2008; Chen & Sun, 2006; Astin, 1984; Edwards & Spence, 1987), role models and 
good teacher examples influencing career ambitions (Wu, 2009; Kerr & Nicpon, 2003), 
and self-efficacy influencing personal choices of profession in the future (Peng & 
Chang, 2010). As for variables influencing the STEM self-efficacy of female high 
school students, female engineer role models have the greatest influence; this also 
agrees with the views of many scholars (Yang, 2007; Chien & Lien, 2009; Bandura, 
1977b). When female students observe or learn from the successful examples of female 
engineer role models, their self-efficacy can be motivated and enhanced. Additionally, 
female engineer role models can be affected by the beliefs about female gender roles. 
According to the social cognitive theory perspective, female gender role beliefs and 
female engineer role models both act through the observational learning process; thus, 
women’s gender role beliefs would affect their learning and acceptance of female 
engineer role models. 
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In summary, when female high school students identify women’s self-develop¬ 
ment and gender equality perspectives, they tend to be more easily affected by female 
engineer role models. The students’ enthusiasm or confidence in learning engineering 
or in the engineering field can enhance their science, technology, engineering, and 
mathematics ability determinations through learning and modeling behaviour. The 
increased self-efficacy further influences the selection intention in the engineering 
profession. 


Table 4 Effect values among latent variables in the professional commitment to engineering 
_model for female high school students_ 




Female 
engineer role 
model 

STEM 

self-efficacy 

Professional 
commitment to 
engineering 

Female gender 

Direct effect 

.42 

_ 

.17 

role beliefs 

Indirect effect 

— 

.29 

.33 


Overall effect 

.42 

.29 

.50 

Female 

Direct effect 

__ 

.68 

.54 

Engineer role 

Indirect effect 

- 

- 

.24 

model 

Overall effect 

- 

.68 

.78 

STEM 

self-efficacy 

Direct effect 

- 

- 

.35 


Conclusion and Suggestions 

Conclusion 

This study employed Stirling engine and cup speaker projects in STEM project-based 
learning, using social cognitive theory and SCCT as the foundation for developing a 
model through SEM verification. We found that female high school students’ STEM 
self-efficacy and professional commitment to engineering is influenced most strongly 
by female engineer role models, followed by female gender role beliefs. For the girls 
who participated in the STEM projects, observing or learning from the successful 
examples of female engineer role models gave them the experience of vicarious lear¬ 
ning, further devoting themselves to STEM projects and improving their evaluations 
of their own abilities in STEM. Meanwhile, the results enhance the female high school 
students’ evaluation of the engineering field, as students can develop enthusiasm and 
confidence in studying engineering as a result of having female engineer role models. 
The elevation of personal STEM ability would further affect their selection intentions 
in the profession of engineering. In addition, when female high school students identify 
with the perspectives of women’s self-development and gender equality, they would 
be less constrained by traditional female roles and would show greater self-confidence 
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in the engineering field. Gradually, the students would have more interest in and enthu¬ 
siasm for learning about engineering or working in the field. Thus, for female high 
school students, an expansion of female gender role beliefs and an increase in female 
engineer role models would enhance personal STEM self-efficacy and would further 
affect their selection intention for the engineering profession. In other words, in the 
model of professional commitment to engineering among female high school students, 
the variables in female gender role beliefs, female engineer models, and STEM self- 
efficacy have good explanatory power. The cross-theoretical model developed in this 
study can indeed use female gender role beliefs and female engineer role models to 
predict STEM self-efficacy and professional commitment to engineering among female 
students. 

Suggestions 

The professional commitment to engineering model for female high school students 
shows that STEM self-efficacy is an important factor that would affect girls’ intentions 
in choosing the engineering profession. After female students undergo STEM project- 
based learning, their abilities in STEM increased. Therefore, promotion of STEM 
proj ect-based learning is very important. This study suggests that STEM proj ect-based 
learning should be promoted so that students can use group collaboration in order to 
achieve learning tasks in STEM. Methods of investigation, experimentation, deduction, 
assembly, manufacturing, testing, and improvement should all be used to cultivate 
STEM knowledge and capabilities in students. They should also gain diverse abilities 
in team work, communication and coordination, internet usage, and report-writing, 
which can connect to higher levels of learning activities. 

Further, the model in this study shows that female engineer role models in the 
proximity of female students can enhance their enthusiasm and confidence in the en¬ 
gineering field, in turn elevating their STEM self-efficacy and professional commit¬ 
ment to engineering. Currently, the field of engineering is deficient in female par¬ 
ticipation. It is necessary to effectively integrate female engineer role models into 
STEM project-based learning for female students. It is suggested that the project 
platform can include media reports and videos about female engineer role models; 
students should read their biographies, and teachers should arrange for interviews with 
female engineer role models relevant to projects or collaborate with local research 
institutions to invite more female scholars to participate in STEM project activities. 
Such actions would create positive interaction with female students so that female 
students can accumulate successful experiences from models, which should enhance 
their self-efficacy in STEM, effectively inspiring their future involvement in the 
professional field of engineering. 

Due to time constraints, this study was unable to obtain large-scale random sam¬ 
ples. It is suggested that in the future there should be STEM project-based courses 
designed for wide promotion to various schools, which would allow for the collection 
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of data from large samples. Different groups of students should undergo group 
comparisons so that their differences can be understood. It would also be possible to 
use case interviews or focus group interviews to explore the formation factors and to 
use qualitative research methods to analyse and summarise the results to provide a 
reference for future studies relating to STEM. 

References 

Astin HS 1984. The meaning of work in women’s lives: A sociopsychological model of 
career choice and work behavior. The Counseling Psychologist, 12(4): 117-126. doi: 
10.1177/0011000084124002 

Bandura A 1986. Social foundations of thought and action: A social cognitive theory. 
Englewood Cliffs, NJ: Prentice-Hall. 

Bandura A 1977a. Social learning theory. Englewood Cliffs, NJ: Prentice-Hall. 

Bandura A 1977b. Self-efficacy: Toward a unifying theory of behavioral change. 

Psychological Review, 84(2):191-215. 

Chang TS 2010. Chang’s Psychology Dictionary. Taipei: Dong-Hua. 

Chang WH 2011. SEMfor thesis writing. Taipei: Tingmao Publishers. 

Chen JM & Sun MW 2006. From Sex Stereotypes to Gender Differences of Academic 
Performance. Educational Research, 147:19-30. 

Chien GL & Lien TC 2009. The relationships among College Students’ Personalities, Career 
Self-Efficacy, and Career Decision. Journal of Counseling & Guidance, 21:39-69. 

Chien JL & Ren ZH 2011. Toward the Road to Science? The Influence of Gender on 
Perceived Science Career Choice for Middle School Students in Taiwan. Chinese 
Journal of Science Education, 19(5):461 -481. 

Chou CH 2008. Theoretical Analysis and Related Experimental Verifications for Free Piston 
Type Stirling Engines. Vanung Journal, 30:303-315. 

Chuang SY 2009. A Study of Developing Project-based STEM Learning Activity. 

Unpublished master’s thesis. Taiwan: National Kaohsiung Normal University. 
Directorate-General of Budget, Accounting, & Statistics, Executive Yuan, ROC 2011. 
Human Resource Gender Statistical Analysis. Available at 
http://www.dgbas.gov.tw/public/Attachment/ 131010182171 .pdf. Accessed 14 
February 2014. 

Edwards VJ & Spence JT 1987. Gender-related traits, stereotypes, and schemata. Journal of 
Personality and Social Psychology, 53(1): 146-154. doi: 10.1037/0022-3514.53.1.146 
Farmer HS 1985. Model of career and achievement motivation for women and men. Journal 
of Counseling Psychology, 32(3):363-390. 

Fouad NA & Singh R 2011. Stemming the tide?why women leave engineering. Available at 
http://studyofwork.com/files/201 l/03/NSF_Women-Full-Report-0314.pdf. Accessed 17 
February 2014. 

Hackett G & Betz NE 1981. A self-efficacy approach to the career development of women. 
Journal of Vocational Behavior, 18(3):326-339. 
http://dx.doi.org/10.1016/0001-8791(81)90019-1 
Ho TX, Chung JC, Chang FC, Ho MY, Wang RH & Huang ZY 2008. Psychology. 

Taichung: Wagner. 

Kerr BA & Nicpon MF 2003. Gender and giftedness. In N Colangelo & GA Davis (eds). 



14 


Liu, Lou, Shih 


Handbook of gifted education (3rd ed). Boston: Allyn & Bacon. 

Kline RB 2005. Principles and practice of structural equation modeling (2nd ed). New 
York: Guilford Press. 

Lent RW & Brown SD 2008. Social cognitive career theory and subjective well-being in the 
context of work. Journal of Career Assessment, 16(1):6-21. doi: 

10.1177/1069072707305769 

Lent RW, Brown SD & Hackett G 2000. Contextual supports and barriers to career choice: 

A social cognitive analysis. Journal of Counseling Psychology, 47(l):36-49. 

Lent RW, Brown SD & Hackett G 1994. Toward a unified social cognitive theory of career 
and academic interest, choice, and performance. Journal of Vocational Behavior, 
45:79-122. 

Li MC & Chung CY 1996. Analysis of Sex and Sexual Roles. Indigenous Psychological 
Research in Chinese Societies, 6:260-299. 

Liu YH 2012. The Effect of STEM Project-based Learning on Self-Efficacy and 

Engineering Professional Commitment. Unpublished doctoral dissertation. Taiwan: 
National Kaohsiung Normal University. 

Liu YH, Lou SJ, Shih RC, Tseng KH, Chan CC & Diez CR 2009. The Application of STEM 
web cooperative learning for the senior high school students. Conference Proceedings 
CD of Asee Global Colloquium on Engineering Education. 

Lou SJ, Liu YH, Shih RC & Tseng KH 2011a. The senior high school students’ learning 
behavioral model of STEM in PBL. International Journal of Technology and Design 
Education, 21(2): 161-183. doi: 10.1007/sl0798-010-9112-x 

Lou SJ, Liu YH, Shih RC, Chuang SY & Tseng KH 201 lb. Effectiveness of on-line STEM 
project-based learning for female senior high school students. The International Journal 
of Engineering Education, 27(2):399-410. 

Lou SJ, Tsai HY & Tseng KH 2011. STEM Online Project-Based Cooperative Learning for 
Female High School Students. Kaohsiung Normal University Journal, 30:41-61. 

Mao CH, Chou FM & Hsu YC 2008. A Study of the Career development Model for Female 
Students in Technological Universities. The Archive of Guidance & Counseling, 
19:105-139. 

O’Brien KM 2003. Measuring career self-efficacy: Promoting confidence and happiness at 
work. In SJ Lopez & CR Snyder (eds). Positive psychological assessment: A handbook 
of models and measures. Washington, DC: American Psychological Association. 

Peng ZP & Chang KB 2010. Family Economic Status, Self Career Concept, & Career 
Self-Efficacy of High School Students. Journal of Family Education and Counsel, 
9:33-60. 

Pintrich PR 1989. The dynamic interplay of student motivation and cognition in the college 
classroom. In M Maehr & C Ames (eds). Advance in motivation and achievement: 
Motivation enhancing environments. Greenwich, CT: JAI Press. 

Quimby JL & DeSantis AM 2006. The influence of role models on women's career choices. 
The Career Development Quarterly, 54(4):297-306. doi: 

10.1002/j .2161 -0045,2006.tb00195 .x 

SPSS 2008. SPSS 17 Brief Guide. Chicago: Author. 

Taylor LE 1988. Professional commitment: The influences of the process socialization and 
professionalization and selected socio-demographic factors in Canadian social work. 
Doctoral dissertation. Toronto: University of Toronto. 



South African Journal of Education; 2014; 34(2) 


15 


Tseng KH, Chan CC, Lou SJ & Chen WP 2013. Attitudes towards science, technology, 

engineering and mathematics (STEM) in a project-based learning (PjBL) environment. 
International Journal of Technology and Design Education, 23(1):87-102. doi: 
10.1007/sl0798-011-9160-x 

Wu SM 2009. Exploring Outstanding Female Scientists’ Career Development. Special 
Education, 34( 1 ):75-103. 

Yang CD 2007. The Exploration of Career Self-Efficacy. The Archive of Guidance & 
Counseling, 264:44-48. 

Yen SL 2011. Gender Mainstreaming: Taiwanese Female Mathematicians' Review of 
Global Politics. Review of Global Politics, 34:97-126. 



